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Tills note is 'the' fifth' of a" series covering an inves- 
•t'igsition-. of a -nTimber ,of related airfoils. It presents the 
results ©"btained fi'OEi tests'' bf a "group of -six low- cambered 
■airfoll.5 in ..the varialjle^density wind tunnel. The mean 
•esra'bor- lines are ideiI1;ioal---f or "the- six...alrf.ciils and are of 
such- a form that the ■maxi'm\im mean-camher is'S per cent of 
the chord and is at a position 0,4 of th(j-. chord behind tho 
loading odgo, Tho airfoils differ in thickilose only, tho 
maximum-thicknoss/chord ratios hoing 0.06, 0.09, 0.12, 
0,15, 0.18, and 0'i21.' Tho -results havo boon presontod in 
tho form of both infinite and finite aspect-ratio oharac- 

toristicB. Tho values of ^.f^ ■ for this group of air- 

^Do min ■■■ 

foils aro among tho highest thus far obtainod, tho minimum 
profile drags boing approximately oqual to thoso for tho 
symmotrical sorios of corrosponding thickness, whilo the 
maximum lift coefficients aro considerably higher. 



IKTEODUOTIOK 

A large number of related airfoils are being tested 
in the variable-density wind tunnel of the National Advi- 
sory Committee for Aeronautics with a view to establish- 
ing the relation between the geometric and the aerodynam- 
ic characteristics of airfoils at a high value of , tho 
Eoynolds xTumbor* Tiio method employed to develop the air- 
foils having varying. geomotric properties is described in 
detail in rof oroncos 1 and 2. Briefly, the profiles aro 
obtainod by combining certain thickness forms (roforonco 
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1) with several related m-eAn • (mffilier line forms (reference 

2) * The airfoils are dosd^nateji 1)7 a ntimher of four dig- 
its; the first indicates the maximum mean _^_camber , the sec- 
ond the position -of '■tadxi'&axa mean •danihe-r', ^arid " the last two 
the mskximum thickness. 

Preliminary results already ^putli shod include those 
for the six symmetrical iflA.-^S'ri;; "'airfoils, the 00 series 
(reference 1); and those for. 36 camhered airfoils, the 
43 and 63 series (reference' 5?)' 'fhe '45 -.and "55 series 
(reference 3), and the 44 and 64 series (reference 4), 

The results thus f ar -oht-ai'n'ed, some of which have 
not "been pu'blished, indicate that low-cambered airfoils 
are generally the most efficient. . tPhe values of 

-sL-iJia* • for -the ■'loWw<5:guabe*ed-.'alrf eii:s-'r©.p-or-ted herein 

0 min . ■ . > 

(24 series) ai-'e .aanong th.e"h'ighe.s't '.tjau and 
the minimum pr of ile~d;r A:g;'''c6ef f i ai^en^^^ .^^f '.ajjptoxiaately 
equal to those" for the . syi]tt^iie_t.rl.car ser^i^^ correspdrid- 
ing thiclsniess.- ''. •'■ ' . ? ' . 

The' data 'f, ox' the' 24-B.eV"l'eSl!i^air^'p^V^\^4^ 
presented in thi s _r epor^t' ' in\a iii'O'r.Q 'aon^^^ form than 

'tha,t ..previously used. ••Por tiie cdnvenionce of the design- 
er and also to faoil4-tat!e:..Jc;eiaparjl.so:^s^ between these 'a.nd. ' 
other airfoil data, the resiiits are presented in the 
standard gr.aphical ifo.-rm, ■. • ; .'v.- 

DESORrp.TIOlI Off. A-BH5:0ILS 

The 24-serios airfoils wore derived by combining six 
related profile thickness forms . ■('r.:e'feronce 1) with one 
form of mean camber line. She com'feination was made by the 
method described in reforenco 2, ■ The -form of ■ th-e. 24- 
series mean camber lino is given by =tho following oqua- ' 
tio-ns : 

Prom X = -0 to X = 0.4 Ppom x =-0.4 to-.x = 1 
•yc ■= -(83: r.. lOxS.) .= _|_ .(-1 + 4x -.5x2) 



The resulting ordinates for the airfoils are given in 
Tables I to 'VI, and the profiles ar-e shown in Figure 1. 
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In addition to thoso tablos of 133810 ordinatos, tlio famil- 
iar form of ordinatos, whicli- wor.o.. oljtainod at .tho stand- 
ard stations, aro tabulatod in Figniros, 5 to ip', ■ tpgotlfibr 
with outline drawings of tho profilos. Prom thb basic or- 
dinatos, 5 "by 30 in.ch duralumin airfoils were mad,e as de- 
scribed in reference 1, and were ueed for the tests* 



. . . .TESTS AUD RESULTS 

Eoutine tests of the six airfoils were made in the 
variable-density wind tunnel at a Reynolds Number of ap- 
proximately 3,000,000, Measurements wore taken of the 
lift, drag, and pitching moment about the quarter-chord. 
X description of tho tunnol and of tho method of testing 
is given in ref bronco 1, ■ 

Tho results havo boon..givon as coefficients corrected, 
after the method of reference 5, to -give ai.y.f oil charac- 
teristics for infinite aspect ratio and aspect ratio 6. 
Tables VII to XII present: lift coefficient" Cj^i angle 
of attack for infinite aspect ratio a©, profile-drag co- 
efficient 0Do» pitching-moment coefficient about a 

point one-quarter of the chord behind tho loading edge 
^°io/4* Those data are plotted in Figures 2, 3, and 4. The 

characteristics for aspect ratio 5 are given in Figures 5 
to 10 In which are plott-ed the lift coefficient Ol, drag 
coefficient 0]), L/D ratio, and center-of-pressure posi- 
tion- for each" airfoil. 

■ • • DISOUSSIOir- 

The airfoil characteristics are discussed with re- 
spect to their variation with thickness and also with re- 
spect to lift or angle of attack. This discussion is giv- 
en briefly as it follows the general procedure of refer- 
ences 1 to 4. In addition to this discussion, the rela- 
tive merits of these airfoils are shown by means of a ta- 
ble of the characteristics usually employed for this pur- 
pose. 

Variation of the ' aerodynami c characteristics with 
thi ekness >- The variation of the minimum profile-drag 
coefficient with maximum thickness is shown in Figure 11. 
In this figure are plotted the values taken from the 
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faired profile- drag curves (f Ijg. 2) and the curve .ex- . 
pres.sed Tiy . the eq.iiat.lon 

Ct) "= 0.:0'Q65 + 0,0083t + 0*097'2t® +" k' 

relating the minimum profile-drag coefficient (Cj) ) and 

the maxiiaum-thickness/chord ratio (t) , (Eaference 2.) 
This equation, without the term k,- was developed in ref- 
erence 1 to express the minimum drag of the^ symmetrical 
series airfoils, For the 24-series ai.rf'bil.s the value of 
the constant k, which depends pn the camhor, hocomos 
negligible . 

As with the previously testecL airf oils the sections 
of moderate thickness give the hi'ghdst maximum lift coef- 
ficients, A table of these coefficients taken from fig- 
ure -3 is given helo^?: ■ 

Air foil'; ■•' , ; -Qj;. max ... 

. , : 2406- . • ■ - IvOl- ' . . • 

2409 ■ ■ = l,.6i • . 

3412 1..59 

2415 ■ ..1.55' . 

2418 1.43 

•2421 ■•■ ■ 1-.35- 

The variation" of - the slope' of the lift c-g.rve with 
thickness is shown in S'igure 12, The points on the fig- 
ure represent the elopes as measured in the anglo-of-attack 
range near minimum profile drag for an infinite-span wing. 

The pitching-moment coefficients at zero lift are given 
in the following table;' ■ ■ ' . " J ■ 

Airfoil 5^ 

2406 
2409 
2412 
2415 
■2418 
2421 



-0.039 

- .044 ■ 

- .042 

- .040 

- .038 

- .036 



The variation of the ratio - with maximum 

•"^o min 
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thickne ss '-i s sh-bwh in' -F'igur.'d" 13 It-:*:! a . int o.t-o-is.t.iag " to 
note that" -l-Ti'e '■ N. A . C . "Ai -S^Og' ' ve s a- -value" 'bf -IS 9 : f or-- thi s- 
r at io, the highest Talue' that has h-eeii- ottaliied f.ot'iany" 
airfoil' tlius""far' tested' in this tunnel', - ' ■ ■■ 

Variation of the aerodynamic characteristics with 
lift or anffle of attack .- .The variation,, of the . prof ilQrr _ 
drag co&f f iciont ■ with lift coefficient is shown in Piguro 
2, and the variation of the additional profile-drag coef- 
ficient (Ct) - On J, ) with lift is shown in Figure 14. 
•"0 ""0 mln 

In' the latter figure is. plotted the curve ,giv;^n "by _^he :.7 
previously used equation (ref eirence 2) , 

where 0^ gp^' is the ^optimum-lif t coefficient defined as 

the value of the lift coefficient corresponding' to- -mi-ni- • 
mum profile drag. ' Hefsrence to "the figure shows that' 
this eacpressi'on horlds very well for the present -seri-e's » ' -ii 

!Dho\^optlmum lift cooffi cleats f-br t'he 24-soriQ'& a£-ri^ 
foils are given is the following tahies 

Airfoil - Ol opt 

2406 0.23 
2409 .19 

2412 - -.16 

2415 ■ ■ -. .12 . 
' . .2418 ..09 . . ■ ■■ ■• 

2421 ■ ■ .05 • 

Ihe variation of the pitching-momont cooffioiont with 
angle of attack is shown in Piguro 4, As discussed in the 
procoding publications, the moment is not constant about 
the quartor-chord point hut tends to "be constant about a 
point displaced forward from it as indicated in the fol- 
lowing table: 

Di splaceraent 
Airfoil ( per cent of chord ) 

2406 0.6 

2409 .6 

2412 .7 

2415 .8 

2418 1.1 

2421. 1 . 4 
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Qomparia'on' of tli.e. airfoiis .- Tlio air-f.oil; ■eharactor- 
istics may "bo most' convoniontly compared by moans of the 
following .tatLo,. compiled- from, the , data 1^ tjio, pr oc'oding 
taTale.s and in thb. cur.ve.i," giving.' tKojcjbi.iarac'f.p^^^^ usu^ 
ally oiiaployod f or . t hi s . purpose : : •. .1 .- V,-" - 
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2406 


1.01 


0.0070. 


145 


-0.039 


0.0072. 


25.0 


• 5.3 


4.1 


36 




40 


2409 


1.51 


.0080 


189 


- .044 


.p08i 


23.2 


8.0 


6.2 


28 




36 


2412 


1.59 


.0090 


177 


■- .042 


■.bo'Si 


21.9" 


10.7 


8.3 


28 




35 


2415 


1.55 


.0099 


156 


- ,040 


.0099 


20.8. 


13.4 


10.3 


28 




35 


2418 


1.43 


.0112 


128 


- ; '038 


.0112 


19 .'4 


16.1 


12.4 


28 




34 


2421 


1.35 


.0127 


106 


- .036- 


.0127 


17.9 


18.8 


14.5 


29 




34 



Langley Momorial Aoronaut-ical lahoratory, 

Katioi^al Advisory Oomjnittoe for Aeronautics, 
Iiangloy Field, Va; , . iDepemhor 19, 1931, 
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!DA31E I 

Ordinatos for Airfoil H.A.C.A. 2406 
(Dimensions in .per cent of chord) 



Upper surface 


Lower surface 


Station 


Ordinate 


Station 


Ordinate 






0 


0 


1.159 


1,066 


1.341 


-0.820 


2.378 


1.543 


2.622 


-1 .059 


4.845 


2.240 


5.155 


-1 .302 


7,330 


2.772 


7.670 


-1.414 


9.825 


3.210 


10.175 


-1.460 


14.833 


3.887 


15.167 


-1,449 


19.857 


4.365 


20.143 


-1.355 


29.925 


4.875 


30.075 


-1.125 


40.000 


4,901 


40.000 


- .901 


50.029 


4.592 


49.971 


- .704 


60,051 


4.059 


59.949 


- .503 


70,061 


3.331 


69.939 


- ,331 


80.058 


2.421 


79.942 


- .199 


90,040 


1.334 


89.960 


- ,112 


95.025 


.724 


94.975 * 


- .086 


100.004 


.063 


99.996 


- .063 


L.S. radius 


.394 






Slope of radius 

pasdng ttLrough. 
end of ctLord 


2/20 
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TABLE II 

Ordinates for Airfoil -Sr.A.G.A, 3409 
(Dimensions in per cent of chorcL) 



Upper surface 


Lower surface 


Station 


Ordinate 


Station 


Ordinate 




- 


0 


0 


1.113 


1.537 


1.387 


-1.291 


3a317 


2.193 


2.683 


-1.709 


4,768 


3,127 


5.232 


-2.189 


7,245 


3.819 


7.755 


-2.461 


9.737 


4.379 


10.263 


-2.629 


14.750 


5.222 


15.250 


-2,784 


19,785 


5.800 


20.215 


-2.800 


29,887 


6,376 


30.113 


-2.626 


40.000 


6.351 


40.000 


-2.351 


50.044 


5.915 


49.956 


-2.027 


60.076 


5.200 


59,924 


-1 . 644 


70.092 


4.246 


69,908 


-1,246 


80.087 


3,075 


79.913 


- .853 


90,060 


1,696 ■ 


89.940 


- ,474 


95.037 


.923 


94.963 


- .285 


100.006 


.095 


99,994 


- ,095' 


L.E. radius 


,887 






Slope of radius 
passing tiirougiL 
end of chord 


2/20 
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TABLE III 

Ordinafces for Airfoil N.A.O.A. 2412 
(Dimensions in per cent of chord) 



Upper 


surface 


Lower 


surface 


Station 


Ordinate 


Station 


Ordinate 






0 


0 


1.067 


2,009 


1,433 


-1.763 


2,256 


2,845 


2.744 


-2,361 


4.690 


4.013 


5.310 


-3.075 


7.160 


4.865 


7.840 


-3.507 


9.650 


5.545 


10.350 


-3.795 


14.667 


6,554 , 


15,333 


-4.116 


19.713 


7.231 


20.287 


-4.231 


29.850 


7,875 


30.150 


-4.125 


40,000 


7,803 


40 , 000 


-3 . 803 


50.059 


7.238 


49 . 941 


-3 .350 


60.101 


6.340 


59 . 899 


-3 . 784 


70.122 


5,163 


69.878 


-2.163 


80 116 

u w -* J. J« o 


3 ,729 


79 .884 


-1.507 


90.080 


2.058 


89.920 


- .836 


95.049 


1.124 


94.951 


- ;486 


100.008 


,126 


99.992 


- .126 


L.E« radius 


1.576 






Slope of radius 
passing through 
end of chord 


2/20 







N.A.O.A. Technical llote Ho. 404 



11 



TABLE 17 

Ordinates for Airfoil H.A.O.A, 2415 
(DiEaensions in per cent of clxord) 



Upper sxirfac© 


Lower 


surface 


Station 


Ordinate 


Station 


Ordinate 






0 


0 


1,022 


2.480 


1,478 


~2 . 234 


2, 195 


3.496 


2,805 


-3 a 012 


4, 612 


4.898 


tZ TOO 


—0 . 960 


7.075 


5.912 




A CCA 

—4. 054 


9,562 


6.715 




—4. SoO 


14,583 


7.839 


15 .417 


—0 . 451 


19, 642 


8.663 




.—5 • 000 


29,813 ■ 


9.376 


T r\ •ton 

30 .187 


-5 , 626 


40,000 


9.254 


40 . 000 


-5 . 254 


50.074 


8,563 


49. 926 


-4. d7o 


60.127 


7.481 


OS , 0 fO 


—0 . yijo 


70.153 


6.0?7 


69.847 


-3,077 


80.145 


4.385 


79,855 


-2.163 


90.100 


2.419 


89.900 


-1.197 


95.062 


1.328 


94.938 


- ,690 


100.011 


.158 


99.989 


- .158 


L.S. radius 


2.464 






Slope of radius 

passing through 
end of chord 


2/20 
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TABLE 7 

Ordinates for Airfoil SF.A.O.A. 2418 
(Dimensions in per cent of cliorcL) 



Upper BUT face 


Lower surface 


Station 


Ordinate 


Station 


Ordinate 






Q 


0 


,976 


2, 952 


1 • Old4 


— <; • 706 


2.134 


4,145 


Q c a 
A, 000 


-0 . obl 


A If n r~ 

4. 535 


5 . 784 




—4. 84o 


6 , 990 


6 ■ 958 


0 , 010 


—5 . 600 


9,475 


7,879 


T A C 0 C 

10 . D<SO 


~6 . 1*39 


14. 500 


9 (224 


15 • OOO 


~Oii rob 


19 , 570 








29.775 


10 ,875 




~7 k lido 


40*000 




4:U a UUU 


— 0 • Cud 


DU a UO O 


Q PP A 


AO Ql 2 


„K QQP 


60,152 


8,622 


59.848 


-5.086 


70.183 


6,992 


69,817 


-3,992 


SO.l^S 


5,042 


79.825 


-2.820 


90.121 


2,781 


89.879 


-1.559 


95.074 


1,526 


94.926 


- .888 


100,013 


.189 


99.987 


- .189 


L.E. radius 


3.549 






Slope of radius 
passing through, 
end of chord 


2/20 
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lABLB VI 

■ Ordinates for Airfoil H.A.O.A, 2421 
(Dimensions in per cent of chord) 



Upper surface 


Lower surface 


Station 


Ordinate 


Station 


Ordinate 






0 


0 








—J? 1 78 
••w • 4L r w 


a t \J ( o 






•*TC « <J J, 0 


A. £.^9, 


w . w O w 








O ■ www 


8 095 


—6- 647 


!/ « O O f 


Q OAfi 
9 . w*3rw 


X w . WX w 


—7 - 296 


1 A AT ft 


X w a w WW 


1 5 BS4 


-8 117 




X J> « wi& w 


PO 501 


-8 -526 




X iu . w f W 


30 2S2 


—8 - 625 


• www 


X O • X WW 


40-000 


—8-155 


O W • Ja WW 


XX . & wO 


49,897 


-7.320 


60.178 


9.761 


59.822 


-6.205 


70.214 


7,906 


69.786 


• -4.906 


80.204 


5.697 


79.796 


-3.475 


90,141 


3,143 


89.859 


-1 . 921 


95.086 


1.726 


94.914 


-1,088 


10O.015 


.221 


99.985 


- ,221 


L.S. radius 


4.830 






Slope of radius 
passing through 
end of chord 


2/20 
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TABLE VII 

AIErOIL: N.A.O.A. 2406 

Average Eeynolds Number; 3,120,000 
Size of model: 5 "by 30 inclies 
Pressure, standard atmospheres: 20.7 

Test Ho.: 665 Taria'ble-Bessity funnel. Sept. 8, 1931. 





Cdegrees ) 




f 

°^c/4 


-0.483 


' -6.5 


0.0197 


-0.038 


- .182 


-3.4 


.0084 


- .040 


- .026 


-1.9 


.0075 


- .039 


.131 


- .4 


.0071 


- .039 


.287 


1.1 


.0069 


- .038 


.437 


2.8 


.0077 


- .037 


.747 


5.6 


.0101 


- .039 


.936 


9.0 


.0676 


- .039 


1.012 


12.8 


.1903 


- .098 


.993 


16.8 


.2920 


- .145 


.927 


21.1 


.3686 


- .162 


.902 


27.1 


.4838 


- .175 
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TA3LS VIII 

AIEJOIL: N.A.O.A. 2409 

Average Reynolds i?i\m'ber: 3,110,000 
Size of model: 5 "by 30 inches 

Press-are, standard atmospheres: 20.8 

OJest Sfo.: 666 Variahlei -Density Tunnel, Sept. 9, 1931 





(degrees) 


^0 - 




-0.172 


-3,5 


0.0087 


-0.045 


- ,018 


-1,9 


,0082 


- ,044 


,138 


- .4 


,0080 


- .043 


,291 


1.1 


.0081 


- ,042 


.449 


2.6 


.0087 


- .041 


.750 


5,6 


.0103 


- ,042 


1,054 


8,6 


.0139 


- .042 


1.339 


11.7 


,0204 


- .045 


1.461 


13.4 


.0269 


- ,046 


1.513 


14,2 


.0315 


- .048 


1.414 


15.5 
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TABLE IX 

I 

. AIEFOIL: H.A.C.A. 2412 

Average Reynolds Number: 3,020,000 
Size of model: 5 by 30 inches 
Pressure, standard atmospheres: 20.6 

Test No.: 667 Variable-Density Tunnel. .Sept. 9, 1931 
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TABLE X 

AIBFOIL: N.A.C.A. 2415 

Average Seynolds Number: 3,060,000 
Size of model: 5 "by 30 inches 
Pressure, standard atmospheres: 20.8 

Test No,: 668 Variahle-Dens ity Tunnel. Sept, 10, 1931. 
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.0377 


- .039 
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- .091 
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TABLE XI 

AIEI'OIL: N.A.C.A. 2418 

Average Reynolds ITumlser; 3,060,000 
Size of model: 5 "by 30 inches 
Pressure,' standard atmospheres: 20,8 

Test No.: 669 Variable-Density Tunnel. Sept. 11, 1931 
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TABLE XII 

AIEFOlLi liT.A.C.A 2421 

Average Heynolds N-am'ber: 3,000,000 
Size of model: 5 "by 30 inches 
Pressure, standard atmospheres: 20.6 

Test Ho.: 670 Tariahle-Densi ty Tunnel. Sept. 11, 1931 
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Angle 0^ attack for infinite aspect ratio, oCq (degrees) 
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